This paper demonstrates the feasibility of MMICs able to improve the global performances of an optical link, over a typical 1 to 20 GHz frequency range. A distributed laser driver and a photodiode Bootstrap follower provide active matching between 500 and optoelectonic transducers.
INTRODUCTION

For
Radar, Electronic Warfare and
Telecommunications applications, optical links are regarded as very promising solutions. Associated to the optoelectronic devices (photodiodes and lasers), Microwave Transimpedance Amplifiers represent key components in terms of perfonnance optimization (dynamic range, noise figure, consumption, losses....). In particular, in Electronic Warfare applications, where wide frequency range operations are required, transimpedance Amplifiers are a real challenge allowing matching between 50 Cl RF impedance and both high impedance of a photodiode and low impedance of a laser diode over a typical 1 -20 GHz frequency range. This paper describes two types of wide band Microwave "Transimpedance" circuits using advanced and novel concepts : 0 A distributed transimpedance amplifier dedicated to laser direct modulation 0 A specific transimpedance amplifier, used for photodiode matching.
These amplifiers have been designed by DASSAULT ELECTRONIQUE and manufactured with the VLNO2 HEMT 0.25 pm gate process from THOMSOND'CS (France).
Application of a powerful Design methodology led to a successful first foundry run. The optoelectronic upconverter can also behave as a mixer, if another modulation is pathed on the on-chip bias T port of the device. The available bandwidth on this port remained quite flat from 1OkJ3z to 800 MHz. The open baseband eye diagram detected at the photodiode end confiied the good behavior of the on-chip bias T path of the DTA. The device mixing capability has been confirmed up to 622Mbith over the harmonic generated millimeterwave carrier at 38 GHz [5] . Figure France Telecom Cnet has presented an enhanced optical harmonic upconverter, for mm-wave radio applications [4] , based on an hybrid integration of the wideband DTA with a high speed MQW DFB laser. The submount is 2X3.5X6mm3 copper-tungsten plate on which the components are either indium-soldered or epoxy-glued. Capacitors are placed along the device to ensure DC voltage decoupling. The DTA and the laser are connected together through a very short gold bonding wire (<300p) to minimize parasitics.
DISTRIBUTED
THE BOOTSTRAP PHOTODIODE AMPLIFIER
The concept of this amplifier is based on the fact that, for a medium power photodiode, the parasitic capacitor is the main limiting factor in terms of frequency band. For the first time in the microwave domain, the Bootstrap technique is used to create an active feedback loop aimed at canceling the voltage across the photodiode. This leads the current across the parasitic capacitance to be canceled and the photodiode to act ideally as a pure current source. Basic theory and photograph are shown Figures 2 and 3: The unity voltage gain amplifier cancels the capacitance parasitic effect without disturbing the current source =1\ Towards amplification and 50 ohms matching
By using the nonlinear effects in the MQW DFB laser, fourth or higher order harmonics can be used to generate millimeterwave frequencies. Due to the wideband matching and amplifj4ng capabilities of the DTA, the device can cover a wide millimetric range from 20 to 40 GHz with a The ideal amplifier that cancels the voltage across the photodiode is fabricated in practice by using a FET in a common drain configuration. A second common drain stage is used to improve the gain and the 50 ohms output matching. The cut off frequency of photodiodes depends on the size of their active surface. The smaller is the surface, the higher is the frequency. If, in order to reach high frequencies, small active surface is used, the alignment problems will be less suitable for low cost and volume production. In addition, surface illuminated photodiodes have a better conversion efficiency if the active surface is large. Furthermore, wide band photodiodes with large active surface are suitable for combiner's implementation. Combiners are particularly convenient for optical signal summation and consist of several fiber cores joined in front of the photodiode.
We performed microwave optical link measurements with GaInAshnP PIN photodiode which diameter is 80 pm. The total capacitance (including parasitics) is 0.7 pF. This diode was biased at 5V and measured on 50 IR and associated to the bootstrap MMIC. For this experiment we used a 1.3 ym high speed ORTEL laser which cut off frequency is 18 GHz at 85 mA bias current. Results are given figure  4 . Comparison between the frequency responses shows an improvement of the microwave transmission by up to 7 dB between 1 and 12 GHz. The 3 dB cut-off frequency has been moved from about 3 GHz to about 7 GHz. In order to eliminate the phenomena that are not directly due to the parasitic capacitance, it is interesting to plot ( Figure 5 ) the difference between the frequency response with the bootstrap and the response without the bootstrap. The resulting curves show a good agreement between theory and measurement. 
CONCLUSIONS
These very promising devices, obtained after a single foundry run, are key components for Digital and Analogue Optical Links. They have demonstrated the feasibility of high efficiency optical links in real integration situations. A high density packaging is being developed to integrate a complete set of devices, including additional 50 L2 MMIC amplifiers. The resulting T/R modules are aimed to achieve a full OdB loss optical link. Work on further improvements of the MMICs, in terms of bandwidth, matching, overall gain and integration, is currently being supported by the French Administration. The goal is to convince users to prefer this means of microwave transportation for a lot of applications.
